The results from the numerical DPMJET-FLUKA simulation of the background in the experimental insertion regions of the LHC are presented. DPMJET3 is used for the generation and analysis of the products from the p-p collision leaving the interaction point in the very forward region. A multi-particle transport code FLUKA is used for the simulation of the resulting secondary cascades in the structure of the LHC Long Straight Sections. The background formation is estimated and analyzed in the LSSs at the locations of the TAN absorbers, Roman Pot stations and Beam Loss Monitors, for the purposes of the machine protection and planning of the operation of the detectors.
INTRODUCTION
The high luminosity experimental insertions IR1 and IR5 of the LHC [1] host several experiments for the purposes of the very forward physics programme. The detectors of these experiments are placed in the dedicated locations along the Long Straight Sections (LSSs) of the machine that are shown in Figure 1 . The ATLAS Zero Degree Calorimeters (ZDCs) [2] , LHCf experiment [3] and BRAN monitors will be located inside the TAN absorbers each side in IR1 while the TAN absorbers in IR5 will house the CMS ZDCs [4] and another two BRAN monitors as well. The Roman Pot stations of TOTEM [5] XRP1 and XRP3 will be installed in IR5 between the TAN and the D2 separation dipole and in the Q5-Q6 region respectively while the Roman Pots of ATLAS [6] will be located between the Q6 and Q7 quadrupoles of the IR1. Even further in the machine tunnel in the dispersion suppressor region will be installed the detectors of the FP420 experiment [7] .
The estimation of the radiation levels and the evaluation of the signal and background at the locations of the detectors are an important issue in the design of the detectors and in the optimization of the detector performance. Numerical study of the formation of the particle fluxes in the LSSs that are initiated by the proton-proton collisions in the interaction points of the experimental IRs provides the detailed information on those subjects.
SIMULATION OF THE P-P COLLISIONS
Secondary cascades initiated by the products from the p-p collisions in the interaction points (IPs) that enter the machine tunnel in the very forward direction are the main * Vadim.Talanov@cern.ch source of the background in the LSSs of the LHC. To simulate the primary p-p interactions DPMJET v.3.0-4 [8] was used with the default settings of the generator assuming the full crossing angle of 285 μrad and the horizontal plane of the beam crossing (IR5 case, studies for IR1 are in progress) for the collisions at nominal energy of 7 TeV and also at 450 GeV at injection. Simulations were done for the full angular range of the produced primary particles and with the cut of 0.89 mrad on the θ angle of the outgoing particle track (| η | > 7.8) that is defined by the aperture of the TAS absorber between the interaction point and the machine tunnel.
Average number of particles and total particle energy calculated with and without the cut on the pseudorapidity for different types of particles produced in one p-p event Figure 2 : Number of particles (left) and total particle energy, [GeV] (right) per 1 p-p event at the 7 TeV beam energy, for the different particle types in the FLUKA coding scheme, with (blue) and without (red) pseudorapidity cut. in the positive z direction are shown in Figure 2 . The average multiplicity was found to be 120 particles/event at the 7 TeV energy of which only ∼ 7.3 particles/event pass through the TAS aperture into the tunnel to the left and right parts of the LSS. At the same time the average energy flux with the η cut was estimated to be ∼ 10.3 TeV/event which shows that the pseudorapidity cut removes the low-energy component of the signal from the p-p collisions at large θ that has the highest multiplicity. As can be seen from Figure 2 after the cut ∼ 1 proton per event (particle type 1) remains with the energy close to the energy of the beam. The calculated angular distributions are given in Figure  3 for the flux of all particle types and separately for the neutral ones. Vertical line in Figure 3 designates the TAN central area where the sensitive elements of the detectors will be located. Comparison between the angular distributions at 7 TeV and 450 GeV shows that not only the multiplicity of the particles in the p-p event should be expected to be significantly lower in the collisions at the injection energy but also the angular distribution for all particle types is much broader in this case. The last observation makes the detection of the forward neutral particles from the p-p collisions at 450 GeV even more difficult than at 7 TeV. 
PARTICLE FLUX AT THE TAN IN IR5
Transport of the particles that pass through the TAS absorber into the LSS was performed for the LHC collision optics version 6.5 and the latest layout of the right side of the LSS5 with the FLUKA 2006.3b program [9] . This choice of the simulation code was stipulated by the necessity to model correctly both transport and interactions of the large variety of particle types that can be seen at the distributions of the secondaries from the p-p event at 7 TeV in Figure 2 and to enable the future analysis of the signal per event in the IP or per bunch crossing.
An overview of the calculated particle distributions at the TAN central area of 5.5 × 5.5 cm 2 at 139.8 m from IP5 in the right part of LSS5 is shown in Tables 1 and 2 . The total number of particles N, their total energy E [GeV], average number of particles per p-p event N/N 0 , average energy per event E/N 0 and mean energy E/N (both in GeV) for all particle types considered in the simulations are given for N 0 = 2×10 5 p-p events at the IP. Table 1 gives these quantities for the primary particles that are seen at the TAN directly from the IP. There the flux of the energy in the TAN central area is completely dominated by the primary neutrons and γ's with the visible contribution from Λ's. The particles of these types have a mean energy close to or a few TeV and clearly define the "neutral" signal from the point of the p-p collision.
In addition to Table 1, Table 2 gives the same quantities for the total particle flux in which together with the primary particles the products from the simulated secondary cascades are included. As can be seen, an enormous fraction of the secondary γ's (∼ 29 per event compared to ∼ 0.6 directly from the IP) do not contribute much to the total energy of these particles since their mean energy is more than ∼ 50 times lower than the energy of the primaries. The same is true for the flux of the secondary neutrons and for the background charged hadrons as well although the contribution to the total energy flux in the TAN central area from the last component that is swept by the magnetic structure of the LSS is of the order of a few percent. The distribution of the simulated secondary particle flux at the TAN front surface is illustrated by Figure 4 . The peak hadron flux density is observed in the TAN outer aperture and the general view of the distribution reflects both the magnetic structure of the LSS and the shape of the recombination chamber in the D1-D2 region. For presentation reasons this distribution was normalized per 8×10 8 p-p interactions/s which implies the use of the 80 mb for the cross-section of the p-p inelastic interaction at 7 TeV and the maximal luminosity of 10 34 cm −2 s−1 at IP5 to make these results directly comparable with the available similar data from [10] .
CONCLUSION
The obtained results for the analysis of the secondary particle fluxes were compared with the available independent estimates. The estimated power of the particle flux at the TAN central area equals 168 W for the rate of the 8×10 8 p-p inelastic interactions/s in IP5 that is consistent with the value of 164 W given in [11] . Calculated particle spectra at the TAN front surface were compared with the results of the simulations in the LHCf experiment and an agreement on both absolute values and the shape of the energy distributions was observed for all particle types [12] . The participating experiments were provided with the recorded files of the signal and background from the described simulations for the further analysis in the collaborations.
